Abstract Flavonoids (FGs) are a large group of polyphenolic compounds with low molecular weight, found in free and glycozidic forms in plants. Citrus fruits can be used as a food supplement containing hesperidin and flavonoids to prevent infections and boost the immune system in human body. The aim of this study was the investigation of the effect of clove oil and storage period on the amount of hesperidin and naringin component in orange peel (cv. Valencia). Four treatments including clove oil (1 %), wax, mixture of wax-clove oil, control and storage period were applied. Treated fruits were stored at 7°C and 85 % relative humidity for 3 months and naringin, hesperidin, antioxidant activity, total pheenolic compounds, TSS, Vitamin C, fruits weight loss, pH, acidity and carbohydrates content were measured every 3 weeks. The amount of hesperidin and naringin was determined using high performance liquid chromatography at the detection wavelength of 285 nm. Antioxidant activity was measured using the 1, 1-diphenyl-2-picrylhydrazyl-hydrate (DPPH) free radical scavenging assay. Total phenolic compounds were measured using the Folin-Ciocalteu micro method. Results showed that naringin and hesperidin were decreased during storage. Different treatment only had significant effect on the amount of hesperidin while storage period affected both of narigin and hesperidin. Results of correlation study, indicated strong relation between antioxidant activity and amount of naringin and hesperidin during storage time. However, at the end of storage period, the amount of hesperidin and naringin were diminished independent of different covers. Probably anaerobic condition caused such reduction. Results showed that the amount of TSS, fruit hardness, weight loss, total sugar and fructose content were increased during storage period while total acidity, pH and glucose content showed descending trend during storage periods. In conclusion, hesperidin and naringin of peels can be used as suitable quality indexes indicating proper conditions for storage.
Introduction
Citrus fruits are important because of their nutritional and antioxidant properties. According to their molecular structures, flavonoids are divided into six classes: flavones, flavanones, flavonols, isoflavones, anthocyanidins and flavanols (or catechins) (Peterson and Dwyer 1998) . Flavonoids identified in Citrus fruits cover more than 60 types, according to the five classes mentioned (Horowitz and Gentili 1977) : flavones, flavanones, flavonols, flavans and anthocyanins (the last only in blood oranges). Citrus flavanones are present in the glycoside or aglycone forms. Among the aglycone forms, naringin and hesperidin are the most important flavanones (GilIzquierdo et al. 2001) . Flavonoids and phenolic compounds have many biological properties, including hepatoprotective, antibacterial and anticancer activities (Tiwari 2001) . Moreover, citrus flavonoids, particularly hesperidin, has revealed a wide range of therapeutic properties in medical and clinical applications such as antihypertensive, diuretic, analgesic and hypolipidemic activities (Galati et al. 1994; Monforte et al. 1995) . The amounts of bioactive compounds in fruit, including citrus flavonoids, are a function of geographical region, climate, soil conditions, type of cultivar, growing season, harvest date, storage, low-dose irradiation, and other conditions (Patil et al. 2004) . Recently, this fruit has been reported to have anti-allergic activity (Fujita et al. 2008 ) antioxidant effects (Shin et al. 2006) , and several studies have been carried out to characterize the flavonoid components in the edible tissue of C. unshiu Marc. (Sentandreu et al. 2007; Yoo et al. 2009 ). The Citrus peel and seeds are very rich in phenolic compounds, such as phenolic acids and flavonoids. The peels are richer in flavonoids than the seeds (Yousof et al. 1999) . Since a Citrus fruit is peeled, peel and seeds are not used. It is necessary to estimate these by-products as natural antioxidants in foods (Kroyer 1986) . Generally Valencia orange after harvest is preceded by using edible waxes following storage. There was no report on antioxidant, narigin and hesperidin contents after application of such treatments. Antimicrobial properties of essential oils from various plant species have been proved to affect and arrest fungal development in vitro and in vivo in various horticultural commodities. The aim of this study was to determine hesperidin and naringin, antioxidant capacity and Vitamin C of Valencia orange during storage as covered by different compounds. Further comparison of two covers of wax and essential oils in order to preserve Valencia orange quality was another objective.
Materials and methods
In this study more than 200 Valencia orange fruits from a commercial orchard located in Ghaemshahr city of Iran, south of Caspian Sea were collected. Clove oil, which dissolved in alcohol 25 % and 1 % concentration, was used. This project was conducted in four treatments. Control treatments, Waxes, oils, mixture of wax-oil and fruits treated were stored for 3 months at a temperature of 7°C and 80-85 relative percent humidity.
Clove oil
Clove oil is obtained by distillation of the flowers, stems and leaves of the clove tree (Eugenia aromatica or Eugenia (Anderson et al. 1997; Mylonasa et al. 2005) . Eugenol (4-allyl-2-methoxyphenol), the active substance, makes up 90-95 % of the clove oil (Briozzo et al. 1989) , and as a food additive is classified by the FDA to be a substance that is generally regarded as safe (Anderson et al. 1997 ).
Sample preparation
The orange peel samples were dried in an oven at 35°C, and powdered by an domestic mill. In the next step, to prepare the extract, 1 g of powdered bark was mixed with 10 ml methanol and stirred with magnetic stirring for 20 min. The extract was filtered again through filter paper (Whatman 40) and reached to volume of 10 ml. The sample was diluted 20 times with methanol. For preparation of naringin and hesperidin .standard solution initially 10 mg of 95 % naringin and hesperidine poured into 100 ml balloon and 2 mL of Dimethyl sulfoxide (DMSO) solution was added and volume loaded to 100 ml using methanol. The standard solutions with a concentration of 100 mg/ml of naringin and hesperidin were obtained.
Naringin and hesperidin measurement in peel
The contents of Flavonoids (naringin and hesperidin) were determined by use of HPLC method. For this purpose 10 μl of extract was injected into a HPLC system, and it was filtered through a millipore membrane (0.22 μm) before injection. The analysis utilized a Diamonsil C18 column (250×4.6 mm) using aceto nitril: water: acetic acid (37:75:5) (v/v/v) as the mobile phase at a flow rate of 1.5 ml/min at 40°C oven temperature, they were monitored at 283 nm for quantification of FGs. Identification of the FGs was accomplished by comparing the retention times of peaks in samples to those of FG standards. Calculation of FGs concentration (expressed as mg/L) was carried out by an external standard method using calibration curves. Samples were filtered through a 0.45-μm pore size membrane filter before injection.
Antioxidant activity of juice
The ability of extracts to scavenge DPPH radicals was determined according to the method Blois (1958) . Briefly, 1 ml of a 1 mM methanolic solution of DPPH was mixed with 3 ml of extract solution in methanol (containing 50-400 μg of dried extract). The mixture was then homogenized vigorously and left for 30 min in the dark place (at room temperature). Its absorbance was measured at 517 nm and activity was expressed as percentage of DPPH scavenging relative to control using the following equation:
DPPH scavening activity % ð Þ ¼ Absorbance of control−Absorbance of sample Absorbance of control Â 100 Estimation of total phenolic compounds Total phenolic content of each extract was determined by the Folin-Ciocalteu micro method (Slinkard, and Singleton 1977) . Briefly, 20 μl of extract solution were mixed with 300 μl of Na2CO3 solution (20 %), then 1.16 ml of distilled water and 100 μl of Folin-Ciocalteu reagent added to mixture after 1 min and 8 min respectively. Subsequently, the mixture was incubated in a shaking incubator at 40°C for 30 min and its absorbance was measured at 760 nm. Gallic acid was used as a standard for calibration curve. The phenolic content was expressed as gallic acid equivalents by using the following linear equation
Where A is the absorbance and C is concentration as gallic acid equivalents (μg/ml).
Fruits hardness and weight loss
Fruits hardness (kg/cm2) was measured with penitrometer (F-T 327).
Fruits weight loss in each storage periods was calculated from Eq. 3 as bellow:
Where w 1 is initial weight of fruit at time 0 and w 2 is fruit weight at each storage time.
The pH of fruits was measured with the digital pH meter (GF-300) and total acidity was measured by titration method. Ascorbic acid (mg/100 ml of juice) Ascorbic acid was determined by the indophenol's Titration method used by AOAC (2005). Extraction and measurement of soluble sugars (total sugar, glucose, fructose and sucrose) content Soluble sugars were extracted according to Omokolo et al. (1996) method and the produced extract was used for sugar analysis. Total sugar, glucose and fructose content (reducing sugar) and sucrose (non reducing sugar) content were measured by McCready et al. (1950) , Ashwell (1957 ), Miller (1959 and Handel (1968) methods respectively.
Results and discussion
The retention time (RT) of naringin (7.39 min) and hesperidin (10.89 min) was showed in Fig. 1 . The analysis of variance (ANOVA) for hesperidin and naringin showed that period of storage had significant effect on these components. But cover types affected only hesperidin while interaction of storage period and cover type had no significant effect on these two components (Table 1) .
Naringin value in fruit peel during storage period reduced dramatically. At the beginning time of storage period naringin value was 390.60 ppm while at the end of storage; it was reached 30.33 ppm (Fig. 2 ). Hesperidin exposed a trend of increase until 6 weeks after initial spot of the experiment. As it is indicated (Fig. 3) , the value of hesperidin increased from 1158.5 ppm in the first week of experiment to level of 1, 561 ppm after 6 weeks storage. At the end of storage period the level of hesperidin reduced prominently and reached to level of 557 ppm and 51.8 % reduction of hesperidin was observed during trend of storage period.
Results extracted from analysis of variance (Table 1) indicated that type of fruit cover had no influence on amount of moisture loss. However storage period had impressive effect on moisture reduction of fruit peel. In the end of first 3 weeks of storage the rate of moisture loss was 0.92 % of total fruit weight. While in the end of week nine the rate of moisture reduction was 4.72 % of fruit weight. The trend of moisture reduction was an exponential type. At the end of the (Fig. 4) . Fifty percent of moisture loss was occurred at the end of ninth week of storage. Another 50 % of moisture loss was detected at the end of storage period. The recent result showed that from week nine of storage the trend of moisture loss was more accelerative in comparison with the earlier periods.
In orange fruit the predominant form of Vitamin C is ascorbic acid while dehydroascorbic acid (DHA) is less than 10 % of total vitamin C (Lee and Kader 2000) . Results showed that vitamin C had an increasing trend until day of 42 of storage, as this result was similar to hesperidin. However after 42 days storage the vitamin C content indicated a diminishing tendency (Fig. 5 ).
Antioxidant activity of juice
With respect to the analysis of variance (Table, 1), applied treatments fruit cover, period of storage and their interactions had significant effect on the concentration of antioxidant (P ≤0.05). In general antioxidant indicated a reducing style for all the employed treatments. With increasing period of storage the clove oil cover showed the highest antioxidant activity, 41.96 % (Fig. 6 .) The lowest activity of antioxidant was observed for application of wax individually.
During storage period (84 days) no decay were observed. In coated samples with mixture of clove oil-wax and essential oils treatments while decay was occurred in blank and treated samples with wax after 6 weeks of storage.
With respect to the analysis of variance (Table 1) , applied treatments period of storage and it interaction with fruit cover had significant effect on the total phenolic compounds (P ≤ 0.05).
According to the Fig. 7 , during storage period the amount of total phenol compound increased contrary to the trend of antioxidant activity. As it can be seen the total phenol content was equal to 125.04 and 226.40 mg/ 100 g Gallic acid at the beginning and the end of storage periods respectively. It should be noted that there was no significant difference between the applied coatings in respect to total phenol content (Fig. 7) .
Reduction of the amount of total phenols during storage period depends on the storage conditions. The anthocyanin content in the blood Orange fruit is usually increased in the storage periods. Paolo and Marisol (2008) indicated that the amount of anthocyanin, flaonons increased during storage while the amount of vitamin c reduced. Therefore, increase in antioxidant activity of blood orange fruits during storage period, may be due to synthesis of phenolic compounds including anthocyanin. Increase anthocyanin content in Blood orange fruit during storage is related to the fruit varieties. Total phenol content of control and coated orange samples was reduced during storage period which is in agreement with the result of Lim et al. (2006) study on mango fruit. Decrease in total phenols content during storage can be related to the oxidative activity of polyphenol oxidase (P.P.O) enzyme that makes phenol to quinones compound (Kays 1997) . Escarpa and Gonzahez (2001) reported that total phenols reduction influenced by storage time and temperature. They reported the reduction of 10-20 % total phenol content of orange juice after 6 months storage in low temperature condition.
Vitamin C (ascorbic acid) is the major antioxidant compound found in citrus fruits juice (Gardner et al. 2000) . Vitamin C retention has been applied as a quality indicator during shelf-life of citrus-derived products (Lee and Coates 1999) . During storage the vitamin C content of the orange diminished significantly (P <0.05) in both waxed and unwaxed samples. The loss in vitamin C during storage was in accordance with the report of Evensen (1983) and Albuquerque et al. (2005) . The observed effect of storage time on vitamin C degradation could be explained due to indirect degradation through polyphenol Oxidase, cytochrome oxidase and peroxidase activity (Lee and Kader 2000) . With the passage of time deterioration of ascorbic acid lead to more TSS. This is because structural formula of ascorbic acid is similar to glucose therefore reduction in ascorbic acid led to increase of glucose and higher TSS (Fig. 8) ) Manzano and Diaz 2001) . Ascorbic acid is susceptible to oxidative deterioration as well as mild oxidation of ascorbic acid results in the formation of dehydroascorbic acid. The presence of oxygen accelerates oxidation process in fruits (Ahmad et al. 1997 ). Our results were in line with findings of Kumar et al. (2000) : they found that ascorbic acid decreased with increasing period of storage in fruits of Kinnow. According to (Shahid and Abbasi 2011) that the Vitamin C content of (2000) who narrated that when storage period proceeded, TSS increased while ascorbic acid and acidity of Kagzi lime fruits decreased. According to the analysis of variance (Table 1) , storage period had significant effect on TSS, pH and total acidity of fruit while type of cover had no significant effect on these quality attributes. Edible covers and storage time had significant effect on the fruit pH during storage period (p <0.05).
Results showed that the amount of TSS was increased during storage period from 10.08 0 BX (at the first day of storage) to 12.35 0 BX after 3 months of storage; it is noteworthy that the amount of total soluble solids from the ninth week of storage showed a negligible reduction. As was mentioned the cover type had no significant effect on the amount of TSS during storage period (Fig. 8) .
Results showed that in Valencia orange fruit, total acidity showed descending trend during storage periods, from 1.41 % to 1.19 % at the beginning to the end of the storage period. There was no significant difference between different treatments in term of total acidity value ( Fig. 9) As it can be distinguish from Fig. 10 , pH value was decreased during storage periods from 3.64 to 3.06 at the beginning to the ninth week of the storage period and then the pH was increased gradually (Fig. 10) .
Del caro et al. (2004) investigated Flavonoids changes between different citrus familly during storage and found that in shamouti orange, ascorbic acid increased but Hesperidin reduced by increase storage time. In the work of Del caro et al. (2004) low temperature during storage caused severe biochemical activity in Flavonoids that was in agreement with the result of this study. However, Klimezak and Malecka (2006) reported that little changes in flavanol value show high durability of this component. Further the possible reason behind durability of this bioactive component such as Flavonoids in citrus fruit goes back to geographical zone, weather condition, variety, growth season, harvest time and other conditions (Patil et al. 2004) . During storage hesperidin increased initially, and then showed a trend of reduction process. The initial increase in hesperidin may be related to stability and activity of the manonyl transferase. Possibly reduction trend is due to ceasing activity of the manonyl transferase responsible for biosynthesis of hesperidin (Samir et al. 1999 ). This result is in with agreement of Rapisarda et al. (2008) , that low temperature, stimulate flavan biosynthesis in all. Totally, flavan value reduced during storage in novel orange. Next reduction in Hesperidin may be due to lack of primary substrate for synthesis of this component (Harborne 1967) . Further explanation, Flavonoids biosynthesis in citrus is similar with other plants in glycoside form. With regard to Table 3 , there is positive correlation between hesperidin and naringin with Antioxidant activity, this result showed that hesperidin and naringin have similar structure, solution type that use for extraction (Aston, water, methanol) and extraction temperature effect on antioxidant activity (Patil et al. 2004) . A liner relationship between antioxidant activity with DPPH method and polyphenol concentration in fruits and vegetable has been reported (Robards et al. 2003 ). There was not any decay and destruction in two cover including clove oil and mixture of wax-clove oil. It may be due to clove oil properties and its effect on hesperidin and naringin in orange skin, because citrus flavonoids come from phenylbenzo-c-pyrone component as secondary metabolites and have antioxidant activity (Marchand 2002) . These component could be important for fruits and protect them against stressful condition (Treutter 2006 ) the results of other studies has been showed that Flavonoid cause to resistance against fungual agents such as penicillium digitatum (green mold). In citrus Green mold is the most important post-harvest disease in citrus fruit. That increase decay and reduce market ability. Ahmadi et al. (2008) reported that flavonoids including hesperidin and naringin have biological, antibacterial and antimicrobial effect. According to the analysis of variance (Table 1 ) the effect of the storage period, type of cover and their interaction effect on the fruit hardness were significant (p <0.05). According to Fig. 11 fruit hardness increased during the storage period from 6.1 kg/cm2 (at the beginning of storage period) to its greatest amount (193.42 kg/cm 2 ) on the ninth week of storage and then showed a lower decrease to 7.1 kg/cm 2 . Result showed that there was a significant difference between different treatments in respect to fruit hardness and the highest and lowest amount of fruit hardness (8.1 and 6.4 kg/ cm 2 ) were related to the wax-oil treatment and control samples respectively (p <0.05).
Edible coating can be act as barrier agent and prevent water loss from fruits surface and so decrease cell wall decomposition and maintain fruit hardness during storage periods which similar to results of other researchers on the application of Chitosan to Strawberry fruit (Del-Valle et al. 2005) .
Variation in carbohydrates content during storage period
According to the analysis of variance (Table 2) , storage period and its interaction with edible cover had significant effect on total sugar, glucose, fructose and sucrose during storage period but only glucose affected significantly by the type of edible covers (p <0.05).
As can be noticed from the Fig. 12 , the amount of total sugar increased from 40.27 to 68.61 (mg/100 g fruit tissue) at the beginning to the ninth week of the storage period. But at the end of the storage period the amount of total sugar was reduced so that its amount on the last day of storage was 53.63 (mg/100 g fruit tissue).
As can be distinguish from the Fig. 13 , the amount of glucose decreased from 68.48 to 18.4 (mg/100 g fruit tissue) at the beginning to the end of the storage period. The highest amount of glucose content was related to control samples (46.16 mg/100 g fruit tissue) and coated samples with wax (43.27 mg/100 g fruit tissue) and coated samples with mixture of wax-clove oil (40.99 mg/100 g fruit tissue) had the lower amount of glucose content.
According to the Fig. 14 , the amount of fructose increased from 28.25 to 51.49 (mg/100 g fruit tissue) at the beginning to the sixth week of the storage period and then its trend decreased till 35.33 (mg/100 g fruit tissue). It must be mentioned that trend of fructose variation was increasingly in the whole process of storage.
The trend of sucrose change was different with other measured sugars variation (Fig. 15 ). Sucrose at first showed a reduction in trend and reduced from 55.25 (mg/100 g of fruit) to the lowest amount (31.68 mg/100 g of fruit). At the beginning to sixth week, but its trend increased to the highest amount 68.20 (mg/100 g fruit tissue) while at the ninth week of storage reduced to 54.51 (mg/100 g fruit tissue) at the end of storage period.
In this study, the amount of total sugar was increased during storage which can be due to the reduction of the water inside the fruit and organic acid decomposion that used as a source of energy. previous studies has shown that the synthesis of organic acid from glucose is a mechanism for continuous increase in sugar level in citrus fruits, but the presence and increase of glicolitik enzymes during storage can lead to different behavior (Echeverria and Valich 1989) . As can be seen from the result of carbohydrates measurement in the end of the storage period, coated samples with mixture of waxes-essential oils due to anaerobic conditions that creates by this type of cover, had the lowest amount of carbohydrates. In other words this cover reduces gas exchange and developed anaerobic conditions in fruits and that resulted in reduction of oxygen and increased CO2 within the fruit and produce ethanol in fruit (Porat et al. 2005 (. Result of other studies revealed that at the end of storage period, the amount of sugar content in coated orange was lower than uncoated ones. This may be due to sugar conversion to ethanol under anaerobic conditions that caused by the waxes (Obeland et al. 2008) . Results of correlation study were showed in Table 4 . As can be seen from Table 4 , relation between glucose content with sucrose and total sugar content were negative (p <0.05) while fructose content had negative correlation with sucrose content and its correlation with total sugar is positive and significant (p <0.01). Correlation between sucrose and total sugars was positive and significant (p <0.01). This result is in agreement with the trend of different carbohydrate variation during storage periods.
Conclusions
Mixture application of wax and clove oil had significant impact on antioxidant activity. The coating treatment of clove oil had the highest significant effect on preservation of hesperidin during storage while naringin indicated a decreasing trend during storage. Vitamin C content had an increasing trend until 42 days after storage, then a decreasing trend widespread. Coating materials could not alter the content of vitamin C and naringin during storage. The coating treatments of clove oil and mixture of wax and clove oil significantly prevent fruit decay during storage.
